ABSTRACT. The objective of this study was to select genitors based on F 1 and F 2 generations, evaluated in different environments, to obtain segregating populations for the identification of strains showing improved earliness, yield, and carioca-type grains. Nine bean strains were crossed in a partial diallel scheme (4 x 5), in which group 1 included 4 strains with early cycles and group 2 included 5 elite strains. The F 1 and F 2 generations and the genitors were assessed in Coimbra and Viçosa in randomized blocks with 3 replications. The following characteristics were evaluated: days between sowing and emergence, and grain yield. We observed an interaction between the effects of general combining ability and specific combining ability with the environments (crop, location, and generation) for both grain earliness and yield. Genetic analysis of earliness revealed a predominance of additive effects and grain yield dominance effects. The strain Goiano Precoce may be used as a genitor in breeding programs to improve earliness, while strains RP1 and VC33 can be used to increase grain N.M. Vale et al.
INTRODUCTION
Over the past several years, bean breeders in Brazil have been attempted to develop early strains (Tulmann Neto and Sabino, 1994; Dalla Corte et al., 2005) , with a cycle shorter than the average of 90 days of available cultivars. Early cultivars allow for cultivation at intervals of harvest as well as the sowing of other species. This increases profitability by cultivated area and number of crops per year, reduces the consumption of water and energy used for irrigation, and allows the avoidance of biotic and abiotic stresses (Buratto et al., 2007) . Additionally, new bean cultivars should be productive, and emphasis has been given to carioca beans, as they are preferred by Brazilian consumers and represent approximately 79% of the Brazilian consumption of beans (Carneiro et al., 2012) .
To develop bean cultivars with the desired ideotype (earliness, carioca grain, and high grain yield), hybridization methods can be used. The selection of genitors to be crossed is crucial because it determines the success of others and, consequently, the efficiency of the breeding program (Bertan et al., 2007; Pereira et al., 2007) . A strategy commonly used for genitor selection is diallel crossing. This method provides information regarding the general combining ability (GCA) and specific combining ability (SCA), which are useful parameters for directing crossing to maximize performance and genetic variability in segregating populations (Bernardo and Bohn, 2007) , as the alleles of interest are generally found in distinct genitors.
In bean cultivation, the use of diallel crossings is limited by the small amount of seed available in the F 1 generation because of difficulties in conducting the crossings and the limited number of hybrid seeds obtained by pollination. An alternative would be to use the F 2 generation. However, in a complete diallel, considering that in each generation advanced from F 1 , dominance deviation is reduced to half, the effect of SCA may not be significant in subsequent generations, making it impractical because the information regarding gene complementation between the genitors would be lost (Pimentel et al., 2013) . In this case, the use of a partial diallel may be more appropriate; according to Viana (2007) , in partial diallel, the magnitude of GCA, in addition to quantifying the frequency of favorable alleles, indicates the genetic diversity between the genitor of a group and those of the opposite group. Furthermore, the F 2 or F 3 generations offer more seeds, providing the opportunity to assess the diallel in different environments, making it possible to obtain information about interaction of the parameters estimated in the diallel with environmental effects (Bhullar et al., 1979; Masood and Kronstad, 2000) . Thus, these generations allow for a more efficient choice of genitors to obtain promising segregating populations to identify superior strains of bean crop, particularly those that are better adapted to a wider range of environmental conditions. The aim of this study was to select genitors using F 1 and F 2 generations evaluated in more than one environment to obtain promising segregating populations and identify superior strains for traits of earliness, yield, and standard of carioca-type grain.
MATERIAL AND METHODS
Nine bean strains were crossed in a partial diallel scheme (4 x 5); group I consisted of 4 strains (Goiano Precoce; Xan112; Carioca1070; Rosinha Precoce) with an early cycle and group II consisted of 5 elite strains, with a normal cycle, high yield potential, and cariocatype grain (RP1, VC15, VC33, BRSMG Madrepérola, and BRS Estilo). The Fertilization and crop pest controls were performed according to the recommendations for cultivation in the region. Cycle and grain yield in kg/ha (YLD) were evaluated. Plant cycle evaluation was based on the number of days between sowing and emergence (DSE) (50% of plants in the parcels with at least 1 open flower).
Data were subjected to individual and combined analysis of variance and the effect of treatments was decomposed according to the Griffing model (1956) , adapted to partial diallel by Geraldi and Miranda-Filho (1988) . The effect of treatments was considered as fixed and the effect of environments was considered as random. The model used was:
where Y ij is the mean of the crossing involving the i th genitor of group I and the j th genitor of group II; Y i0 is the average of the ith genitor of group I (i = 0,1, ... p); Y 0j is the mean of the j th genitor of group II (j = 0,1, ... q); μ is the general mean of diallel; d 1 , d 2 are the contrasts involving the means of groups I and II and the general average; g i is the effect of general combining ability of the i th genitor of group I; g j is the effect of GCA of the j th genitor of group II; s ij is the effect of SCA; and . ij ε is the experimental mean error. Statistical analyses were performed using the GENES program (Cruz, 2013) .
RESULTS AND DISCUSSION
Summaries of the individual (Coimbra and Viçosa) and combined analyses of variance of the partial diallel for the number of DSE and YLD evaluated in the 9 genitors and their 20 F 1 hybrids are presented in Table 1 . The 9 genitors and F 2 generations are presented in Table 2 . The effect of treatments on individual analysis was significant in both generations (Tables 1 and 2) , which was observed in GCA in groups I (GCA I) and II (GCA II) and SCA for the F 1 and F 2 generations.
The square sums of GCAs of the genitors (GCA I + GCA II), compared to the square sum of the SCA of the hybrids (Table 1) showed a predominance of additive effects in Coimbra and dominance in Viçosa for DSE. In the F 2 generation (Table 2) , there was predominance of additive effects in both Coimbra and Viçosa. For grain yield, there was a predominance of dominance effects in the genetic control in both environments for the F 1 generation (Co-imbra and Viçosa) ( Table 1) . In F 2 , there was a predominance of additive effects in Coimbra and dominance in Viçosa. These results revealed a greater effect of dominance effects on the genetic control of YLD regarding DSE, as the dominance deviations decreased by half with each generation by self-fertilization. Moreover, over generations, an increase in the frequency of homozygous loci was expected, as well as an increase in the participation of additive variance at the expense of dominance variance. Characters such as grain yield are controlled by a large number of genes (Ribeiro et al., 2008) and require a higher degree of homozygosity to reduce the effects of dominance. Thus, selections aiming to improve the earliness trait can be manipulated in initial generations because of the predominance of additive effects for DSE in F 2 , while selections aiming to improve YLD should be manipulated in advanced generations.
The effect of the environment was not significant in F 1 (Table 1 ) and F 2 (Table 2) in the combined analysis, but all interactions with the environments were significant in both generations except the group x environment interaction and GCA I x environments in F 2 (Table 2) for grain yield. Pixley and Bjarnason (1993) reported an interaction between GCA and SCA parameters with environment effects for grain yield and disease resistance in maize.
Based on estimated GCA of the genitors in (GCA I for DSE, the Goiano Precoce strain stood out with negative and significant values in both evaluated generations, F 1 (Table 3) and F 2 (Table 4) , and in both locations (Coimbra and Viçosa) . Negative values are informative d.f. = degrees of freedom; GCA = general combining ability; SCA = specific combining ability; CV = coefficient of variance. ns, * , **Not significant, significant at 5% and significant at 1% probability, respectively, by the F-test.
because the earliest plants present lower DSE. These results indicate a high concentration of favorable alleles in this strain for the reduction of the bean cycle. ns, * , **Not significant, significant at 5% and significant at 1% probability, respectively, by the F-test. For abbreviations, see Table1. Genitors of group 1: 1* -Goiano Precoce; 2* -Xan112; 3* -Carioca1070; 4* -Rosinha Precoce. Genitors of group 2: 1 -RP1; 2 -VC15; 3 -VC33; 4 -BRSMG Madrepérola; 5 -BRS Estilo. A SCA value. ns, * , **Not significant, significant at 5% and significant at 1% probability, respectively, by the t-test. Genitors of group 1: 1* -Goiano Precoce; 2* -Xan112; 3* -Carioca1070; 4* -Rosinha Precoce. Genitors of group 2: 1 -RP1; 2 -VC15; 3 -VC33; 4 -BRSMG Madrepérola; 5 -BRS Estilo. A SCA value. ns, * , **Not significant, significant at 5% and significant at 1% probability, respectively, by the t-test.
For group II, based on the estimates of GCA (GCA II), the RP1 and VC15 strains in Viçosa stood out for the DSE in the F 1 generation (Table 3 ) and VC33 (in Coimbra) and BRS Estilo (in Viçosa) in the generation F 2 (Table 4) . These results corroborate the influence of the environments (crops and location) on the estimates of GCA. Notably, the effect of environments can be mistaken for the one of the generations.
Based on the estimates for SCA, the hybrid combination Goiano Precoce/RP1 stood out in the reduction of DSE in Coimbra in the crop of the 2013 drought for the F 1 generation (Table  3 ). In Viçosa, in the same crop and generation, no hybrid combination stood out because all combinations with the Goiano Precoce strain showed no significant SCA. These results indicate that gene complementation occurred between the genitors Goiano Precoce and RP1 for the reduction of the cycle only in Coimbra, which also indicates the relationship between location and cycle.
Based on the estimates for SCA in the F 2 generation (Table 4 ) the hybrid combinations Goiano Precoce/BRSMG Madrepérola and Goiano Precoce/BRS Estilo stood out, presenting negative and significant estimates of SCA in Viçosa for the water crop of 2013. SCA was not significant in the same generation for the winter crop of Coimbra. These results indicate the effects of the interaction between SCA and the environment, and in this case, includes the effect of crops.
There are no published reports of studies using partial diallel in beans to analyze more than one generation from the number of days to begin flowering and cycle. Javaid et al. (2001) examined the efficiency of the F 2 generation of wheat to estimate GCA and SCA for cycle, yield per plant, and thousand grain weight.
Considering the estimates of GCA (GCA I) for YLD in the F 1 generation, the strain Rosinha Precoce showed positive and significant values in Viçosa, while in Coimbra, no strain showed positive and significant values (Table 5 ). Based on the F 2 generation (Table 6 ), the strain Xan112 showed positive and significant values in Coimbra and Carioca1070 in Viçosa. These results confirm the effects of the interaction with the environment when estimating GCA. The interaction between genotypes and environments in bean cultivation for grain yield has been reported by several authors (Carmo et al., 2007; Bertoldo et al., 2009; Coimbra et al., 2009 ). Genitors of group 1: 1* -Goiano Precoce; 2* -Xan112; 3* -Carioca1070; 4* -Rosinha Precoce. Genitors of group 2: 1 -RP1; 2 -VC15; 3 -VC33; 4 -BRSMG Madrepérola; 5 -BRS Estilo. A SCA value. ns, * , **Not significant, significant at 5% and significant at 1% probability, respectively, by the t-test.
Based on the estimates of GCA for the genitors in group II (GCA II) to YLD in the F 1 generation (Table 5 ) and in the F 2 generation (Table 6 ), the RP1 strain stood out. Only in the F 2 generation in Viçosa, this strain showed no significant effect of GCA in the water crop of 2013 (Table 6 ). In this crop, the VC33 strain showed positive and significant estimates of GCA.
In F 1 generation (crop of the 2013 drought in Coimbra), only the combination Rosinha Precoce/RP1 showed a positive and significant effect of SCA for YLD (Table 5 ). In Viçosa, for this same crop and generation, no hybrid combination stood out because all combinations with the RP1 strain showed no significant estimates for SCA. These results indicate gene complementation between RP1 and Rosinha Precoce genitors for the increase in grain yield as well as Genitors of group 1: 1* -Goiano Precoce-; 2* -Xan112; 3* -Carioca1070; 4* -Rosinha Precoce. Genitors of group 2: 1 -RP1; 2 -VC15; 3 -VC-33; 4 -BRSMG Madrepérola; 5 -BRS Estilo. A SCA value. ns, * , **Not significant, significant at 5% and significant at 1% probability, respectively, by the t-test.
an interaction between the location and grain yield, as the F 1 generation was evaluated in the same crop but in different locations.
In the F 2 generation, the SCA for YLD was not significant in Coimbra in the winter crop of 2013 (Table 6 ). Although the SCA to YLD was significant in Viçosa in the water crop in 2013, no population showed a significant effect of SCA when the VC33 strain was crossed; the VC33 strain stood out in this crop and generation for the estimate of GCA.
The 3 hybrid combinations of Goiano Precoce/RP1, Goiano Precoce/BRS Madrepérola, and Goiano Precoce/BRS Estilo are the most promising for obtaining early strains and share the Goiano Precoce strain as the common genitor. Only in Viçosa in the F 2 generation, the combinations Goiano Precoce/BRSMG Madrepérola and Goiano Precoce/BRS Estilo flowered at 30 and 31 days, respectively, and exceeded the Goiano Precoce strain that flourished at 32 days ( Table 7) . The cultivar IPR Andorinha, which is considered as early and was launched in 2012, shows an average flowering time of 35 days (Külzer, 2012) . The hybrid combination Rosinha Precoce/RP1 was the most promising for production potential, surpassing the genitor with higher yield in the F 1 generation, strain RP1 ( Table 7) , indicating that the SCA effects were significant both in Viçosa and Coimbra (Table 5 ). In the F 2 , this combination did not exceed the average of their genitors in Coimbra and showed 398 kg/ha lower yield than their genitor with the lower yield average (Rosinha Precoce) ( Table 7) .
